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Project: IMPROVING OUTPUTS IN THE COMMERCIAL-SCALE PRODUCTION OF 
SWORDTAILS IN HAWAII – Year 1 

Final Report  

Reporting Period: September 1, 2006 to October 31, 2007, with no-cost extension through 
February 29, 2008. 

Funding Level: $70,000 
 
Participants: 
Clyde S. Tamaru, Principal Investigator, University of Hawaii Sea Grant College Program 
Kathleen McGovern-Hopkins, University of Hawaii Sea Grant College Program 
Dr. Jim Szyper, University of Hawaii Sea Grant College Program  
Dr. Dulal Borthakur, Department of Molecular Biosciences and Bioengineering (MBBE) 
Dr. Spencer Malecha, Department of Human Nutrition and Animal Sciences 
Dr. Douglas Vincent, College of Tropical Agriculture and Human Resources (CTHAR) 
Masaki Nasu, Graduate student (MBBE, CTAHR) 
Lei Yamasaki Graduate Student (HNAS, CTAHR) 
 
Private Sector Collaborators: 
Steve Hopkins, Rain Garden Ornamentals 
Bob Kern, Tropical Ponds Hawaii 
Mark Bornheimer, Tropical Ponds Hawaii 
Pat Maloney, Ohana Flowers of Hawaii 
Pat Vahey 
Jason Akamine 

Principal Accomplishments 
Objective 1: Improve overall production of swordtails statewide. 

• This objective was to be achieved through several avenues the first being to investigate 
the impact of improving water circulation in the production ponds at TPH on the island of 
Hawaii.  A solar powered generator unit purchased under the auspices of another project 
(USDA/CSREES  2005-34167-16244, PI Douglas Vincent) and previously used for a low 
salinity shrimp trial has become available for testing Figures 1 and 2.  Initial testing 
without fish has shown there are some challenges that need to be alleviated before field 
testing to see if production output can be improved as a result of improved mixing using 
the solar powered unit.  In addition to the solar powered generator a windmill that also 
can produce electricity was purchased during the reporting period.  The unit is being 
installed in tandem with the solar unit and field testing is scheduled for the next reporting 
period.  The windmill provides the extra needed energy that is needed to keep the  
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Figure 1.  Solar Panel at TPH, Hilo Hawaii. 

 
 

 
Figure 2. Jim Szyper inspecting generator, batteries and air pump that  
completes the solar powered unit at TPH 
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batteries fully charged (day or night) and can then be used to power a ¼ hp regenerative 
blower.  Delays in the installation of the windmill and field testing of both units in 
tandem have come about because of a change in ownership at TPH but will commence 
during the next reporting period. 
 

• A second mechanism to improve overall swordtail production is to improve diversity of 
available swordtails.  Working with Dave Cohen, Aquatic Innovations, a founder stock 
(n=100) of calico swordtails was purchased and quarantined at the Windward 
Community College (WCC) aquaculture complex.  When initially purchased they were 
not reproductively  mature and since coming to Hawaii have been fed a steady diet of live 
food (e.g., Moina, Daphnia).  The surviving broodstock (n=50) have begun to produce fry 
which have been used to establish a broodstock population at WCC.  Excess fry have 
been distributed to three farms at the time this report was being prepared (e.g., TPH, Rain 
Garden Ornamentals and Ohana Flowers of Hawaii).  On all three sites, production has 
not reached the stage at which product can be marketed.  The calico swords are valued at 
a whole sale price of US$ 3.00/individual.  Jason Akamine was contacted during the 
reporting period but did not want to include the line for several reasons.  Hawaiian 
Marine Enterprises has discontinued production of freshwater ornamentals.    During the 
extension period a new farm, Aquatics Hawaii, owned by Patrick Vahey  opened in 
Waimanalo and a site visit and discussions on collaborative efforts were made. Patrick 
Vahey has received approximately 50 calico swordtails and an additional 25 individuals 
of what have been characterized as the koi variety.  The koi variety is an offshoot of the 
calicos and Rain Garden Ornamentals has also requested seed stock of this variety.  
These are to be provided during the next reporting period. 

 
• A request to improve the existing swordtail broodstock at TPH was partially addressed by 

providing the best red swordtail strain available at the WCC aquaculture complex.  
Approximately 300 broodstock individuals of the red variety were shipped to TPH during 
the reporting period.  Likewise, approximately 1,000 juveniles of a  highly productive 
common black swordtail variety was sent to TPH to establish broodstock for commercial 
production of that strain.   The red variety was used to improve that particular product 
line at TPH and a standing request for additional varieties when available has been 
established with TPH. 

 
Objective 2: Test and validate production techniques for all female swordtail 
individuals 

• This objective was conducted in collaboration with a separate project (USDA/CSREES  
2005-34167-16244) as well as being in partial fulfillment of a M.A. Degree from the 
University of Hawaii College of Tropical Agriculture and Human Resources, Department 
of Human Nutrition and Animal Sciences.  For the thesis dissertation of Lei Yamasaki 
(Major Advisor, Spencer Malecha), hormonal induction of feminization in swordtails, 
Xiphophorus helleri was investigated.  Four doses of 17β-estradiol (100, 200, 300, and 
400 mg hormone/kg feed) were administered to 3-day old fry for 30 days.  Treatment 
with 400 mg kg/feed was determined to be the optimum dose resulting in a range of 91-
100% feminization (Figure 3).  No indication of any adverse impacts were detected on  
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Figure 3. Average percentage of females obtained in response to the various dosages of E2 that 
were investigated.  Numbers in parenthesis represent the number of replicates.  Bars ± S.D.that 
do not share a letter are significantly (P<0.05) different from each other 

 
 

growth and survival.  No detectable presence of intersex individuals were observed with 
fish examined histologically.  Phenotypic females from this treatment underwent progeny 
testing to determine if the feminized males were reproductively functional.  The results 
showed that a dose of 400 mg kg/feed 17β-estradiol  produces fertile fish which is a 
necessary step to production of all female homozygous lyretail populations. 

  
• During the no cost extension period the sex ratio of five varieties of swordtails that are 

found on the WCC Aquaculture Complex was ascertained and is summarized in Table 1.  
The data clearly indicate the extent of the skewed sex ratio as all five varieties were 
found to have a female:male sex ratio that deviated from a 1:1 ratio.  The data also 
validate the claims that have long been claimed by the commercial farmers that this 
remains as one of their greatest challenges as it takes additional labor to sort through their 
inventory to find enough males to complete an order.   
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Table 1.  Sex ratio of five varieties of swordtails located at WCC Aquaculture Complex sampled 
during the reporting period.  

Swordtail 
Type 

Males Females Total Sex Ratio 
(F:M) 

Chi 
Square 

P value 

Pineapple 
Lyretail 

50 121 171 4 : 1 9.5 P<0.001 

Red  50 116 166 2 : 1 13.7 P<0.001 
Pineapple 77 167 244 2 : 1 17.1 P<0.001 
Half Black 25 115 140 5 : 1 40.4 P<0.001 
Red Wag 37 103 140 3 : 1 16.5 P<0.001 
Feminized 154 126 280 1:1 2.80 P = 0.09 
 

• As part of her dissertation work the progeny from the feminized individuals that were 
used to demonstrate that they were fertile were also grown out for an additional 90 days 
where they could be sexed by use of the presence of a gonopodium and a “sword” for 
males.  A total of 18 crosses resulted in fry that could be confidently scored at to their 
phenotypic sex.  A summary of the resulting number of males and females is presented in 
Table 1 (in red) and it should also be pointed out is that these individuals were also of the 
redwag variety.  The resulting sex ratio exhibited by the fry from the feminized 
individuals does not statistically differ from a 1:1 distribution and can only come about 
by the increased production of males in that population.  The data is consistent with the 
proposed  mechanism of sex determination for commercial varieties of  X. helleri  where: 

 
o The commercial variety of swordtails being investigated have undifferentiated sex 

chromosomes (Ohno and Atkin, 1966 ) 
o Sex determination in swordtails is polygenic or polyfactorial (Kallman,  1984; 

Devlin and Nagahama, 2002). 
o Totality of the sex genes in an individual swordtail determines the genotype for 

sex  
§ (e.g., ?  swordtail occurs when ? ?  genes > ? ?  genes and vice versa 

(Gordon, 1957; Yamamoto 1969; Kallman,  1984). 
o Functional sex is a phenotypic expression 
o While combination of genes occurs at fertilization functional sex is controlled by 

sex inducers (hormones). 
o Feminization can be accomplished with the use of estradiol 17ß but the number of 

sex determining genes is not altered in the individual or population. 
 
The results indicate a reasonable means of alleviating the highly skewed sex ration 
but requires further testing a pilot-scale and is to be carried out during the next 
reporting period. 

 
• The size frequency distribution of the various strains sampled during the reporting period 

were also obtained and have been summarized.  One example, is the redwag variety that 
is presented in Figure 4.  The sex ratio is the same as the redwag swordtail reported in 
Table 1 (3:1 Female:Male). 
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Figure 4. Size frequency distribution of the sexes of the redwag swordtail located at WCC 
Aquaculture Complex. 

 
Previous work done under the auspices of CTSA supported projects (Ako et al., 2000) 
indicated that a longer grow out period was needed for males to become fully developed 
does not appear to be effective in addressing the constraint of a highly skewed sex ratio 
towards females.  That the phenotypic males are evident in the smaller size classes is 
consistent with the reports that the males of commercial varieties of swordtails attains 
sexual maturity at an earlier age and slow in their growth.  These are thought to be the 
males that have the stronger or more of the factors that determine sex (Kallman, 1984).  
In any event, to alleviate this challenge a proposal was submitted during the reporting 
period to CTSA soliciting funding for an additional year to address the constraint of a 
highly biased female sex ratio. The feminizing treatment that was suppose to be used for 
producing all female homozygous lyretail individuals will also include common swordtail 
broodstock in an attempt to alleviate the highly skewed sex ratio towards males.  The 
workplan for our Year-2 project has been modified accordingly. During the extension 
period feminizing two strains of swordtail fry have begun and is based upon the results 
obtained from Yamasaki et al., 2007.  The feminized fry will be field tested as to the 
ability to produce a higher percentage of males during the next reporting period. 

 
Objective 3: Establish two additional varieties of homozygous lyretail strains 

This objective was also down in collaborative with another USDA project (U.S. 
DOA/CSREES 2004-34167-14801 and  2005-34167-16244) and the research results were 
used in partial fulfillment of a M.S. degree by Masaki Nasu (Major Advisor Dulal Borthakur) 
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from the University of Hawaii,  College of Tropical Agriculture and Human Resources, 
Department of Molecular Biosciences and Bioengineering.  All of the potential homozygous 
individuals created by artificial insemination during the reporting period were directed 
towards assessing whether a gene marker would be able to be found for use in distinguishing 
and individual that possessed the homozygous genotype rather than a heterozygous 
individual. Three main approaches were used to identify DNA markers to distinguish a 
homozygous dominant lyretail individual from a heterozygous lyretail individual and these 
were: 1) Microsatellite primers, 2) Random amplified polymorphic DNA (RAPD), and 3) 
Suppression subtractive hybridization (SSH) cDNA library. One of the microsatellite 
primers, KonT38, revealed a 250-bp DNA fragment in both common and heterozygous 
lyretails, but not in homozygous lyretails.  The hypothesis was that this DNA fragment may 
be related to the recessive allele for lyretail phenotype and the homozygous lyretail 
individual might be recognized by the absence of a band rather than its presence.  The results 
of his work were reported in a poster presentation in the spring of 2006 (Nasu et al., 2006).  
A copy of the poster presentation is attached in the appendix as a reference.  During the 
reporting period of the current project a double blind test was  conducted to see if indeed the 
potential marker could be used to detect a homozygous lyretail individual.  For the test 
approximately 12 individuals resulting from a brood obtained from a lyretail x lyretail 
(heterozygous x heterozygous) cross were subjected to microsatellite primer analyses via a 
caudal fin clip.  While the fin clips were being analyzed the individuals underwent progeny 
testing and the results from the micro satellite analysis were used to detect which individuals 
could be scored as homozygous.  Unfortunately, the ratio of homozygous to heterozygous 
individuals resulting from the micro-satellite analysis suggested a 1:1 ratio and the expected 
ratio from a  heterozygous x heterozygous cross is 1:4 (Tamaru et al., 2003).  Lastly, two 
homozygous individuals identified by progeny testing were misidentified by using the micro-
satellite primer (Figure 4).  The conclusion from the double blind test was that the marker is 
apparently for an allele that is unrelated to the recessive trait and therefore cannot be used to 
identify the homozygous individual.  A consolation of the activities is that Masaki Nasu 
would receive his M.S. degree in the fall of 2006.  A copy of his powerpoint presentation 
used at his defense seminar  is provided in the Appendix.  Production of homozygous 
lyretails will have to take place using the traditional methods (e.g., progeny testing) of 
detecting those individuals.  These methods while definitive are both tedious and time 
consuming and will certainly delay achieving the desired outcome.  
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Figure 4. Summary of double blind test for the homozygous lyretail gene marker.  (From Masaki 
2006, MS Dissertation) .Crossed circles indicates two misidentified homozygous individuals 
confirmed by progeny testing. 

 
Objective 4: Technology transfer in the form of on farm testing, workshops, 
technical handouts, and newsletter articles. 

• Lyretails already available at WCC were amplified during the reporting period and were 
distributed to interested end users in order to begin establishing the lyretail product line 
on various farms. Approximately  500 female lyretails of the black and 300 marigold 
variety were sent to TPH to become the founder stock of lyretails at TPH.  
Approximately 250 of the black and marigold lyretails have also been distributed to Rain 
Garden Ornamentals and Ohana Flowers during the reporting period.  Jason Akamine 
was contacted during the reporting period but did not want to include the line for several 
reasons.  Hawaiian Marine Enterprises has discontinued the production of freshwater 
ornamentals. 

 
The current project played an integral part in the training of two graduate students.  Activities 
and results were of sufficient quality and scientific rigor to result in the awarding of an MS and 
MA degress from two separate departments from the University of Hawaii College of Tropical 
Agriculture and Human Resources.  A manuscript summarizing the feminizing work that was 
previously submitted to a peer reviewed journal for consideration for publication is being revised 
to include the data regarding the improvement of the sex ratio and is to be resubmitted during the 
next reporting period.  A presentation summarizing the current results was presented during the 
no cost extension period at the Aquaculture America 2008 February 9 -12 2008 ,Lake Buena 
Vista, Florida USA.  Also during the no cost extension period an abstract was submitted to an 
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upcoming conference to be held in Hawaii: Sex Determination and Gametogenesis in Fish: 
Current Status and Future Directions. An International Symposium in Honor of Professor 
Yoshitaka Nagahama  May 30-June 1, 2008, Honolulu, Hawaii.  A copy of that abstract is 
presented in the Appendix. 

Impacts 
The project has some significant indirect impacts in the awarding of two graduate degrees.  Since 
completion of his MS dissertation, Masaki Nasu has been accepted into the Ph.D. program with 
the John A Burn’s School of Medicine and Lei Yamasaki has been accepted into Veterinary 
School University of California at Davis.   
 
Despite not having the homozygous lyretails available at this time the impacts of the 
heterozygous lyretails distributed under the auspices of the project have already started to have 
their impacts albeit at a modest level.  TPH had experienced some initial setbacks in the overall 
production of the lyretail broodstock initially provided but has since started to produce enough to 
begin marketing in Hilo at approximately 200 pieces/month.  Farm gate prices that have been 
obtained are $1.00/piece.  Broodstock are being amplified and expected outputs should increase 
to the point of being exported out of state. 
 
An interview with Dave Cohen (Aquatic Innovations, Wholesaler), confirms that the lyretails 
have started to show up for wholesalers but are at a level that is still too early to determine the 
size of the market.   
 
Quote from Dave Cohen, October 19, 2007. “So far most of the lyretails have been quite large. I 
am finally getting something closer to the standard 2" swordtail. The production numbers are 
too low and too erratic to give me a good feel for what the market (or more accurately, my 
market) will do.  Sales prices are +75% over non-lyretails (nonlyretails farm-gate are 
$0.35/piece for 2 inch) at this point.  These production and sales numbers cannot give me an 
accurate reading on what the larger wholesale market will pay or what will happen at larger 
volumes. I hope to see that this winter if TPH can get their numbers up”. 
 
Probably the most progress that has been made on the lyretails distributed has been with Rain 
Garden Ornamentals (e.g., Steve Hopkins). Some highlights are: 

• Lyretail swords have become Rain Garden Ornamentals best crop in terms of the return 
on expenses and labor.  There are three market outlets - a wholesale broker/middleman 
who ships product to distributors on the mainland, wholesale directly to local pet stores, 
and direct retail sales to the hobbyist. 

• Converting all of the swordtail ponds to lyretail sword production. 
•  Use of a continuous production system rather than a batch system with selective 

cropping of marketable-size individuals. Rain Garden Ornamentals has found that having 
some common swordtails available is not completely undesirable.  There is a relationship 
between the volume of sales and the number of different swordtail varieties available. 
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• For the lyretails “the tail counts in the overall length they go to market at a much 
younger age and lower body weight than common swords in the comparable size 
category.  Younger age and lower body weight means they get to market consuming less 
time, less space, less electricity, and less feed.  Also, the problem of skewed sex ratios 
and late-maturing males in common swordtails does not exist with lyretails as the males 
and females are not differentiated for marketing purposes.” 

• Large lyretail swords coming out of the continuous production system have opened a new 
market for Rain Garden Ornamentals and that is sales to local pet stores and direct sales 
to the consumer. The farm gate price to local pet stores is $0.75 per piece and in direct 
retail sales to consumers Rain Garden Ornamentals receives $2.00 to $3.00 per piece 
depending on quantity.  The quantities available for the large sizes are limited and adult 
swordtails do not seem to become as attractive in appearance unless the other adults are 
continually cropped out of the system to control competition. 

Recommended Follow-Up Activities 

The following activities are to be conducted during the next project period: 

• Installation and operation of the solar powered and wind powered electrical systems are 
to be completed during the next reporting period.  These are to be used to provide 
continuous aeration into selected ponds at TPH and a comparison of production outputs 
using current practices and those that include aeration is to be obtained.   The system(s) 
are to be used as a demonstration of alternative energy sources and the challenges and 
opportunities that it provides on farm site. 

• Validation of thesis results from Lei Yamasaki is to take place at WCC using already 
available common swordtail varieties.  Feminization of fry has already begun and will be 
followed by determining the sex ratio of progeny from the feminized individuals as well 
as overall output.  Confirmation of laboratory results will then be followed with on farm 
testing.   

• Artificial insemination of lyretail broodstock has already commenced to produce 
additional homozygous individuals.  Progeny tests are to be done to detect the  
homozygous lyretails which will then be artificially inseminated with each other to 
produce the homozygous lyretails.  This will be repeated for at least two strains of 
lyretails swordtails. 

• Successful production of homozygous lyretail population(s) will be followed by 
feminizing treatment to increase output of female homozygous lyretail that are to be 
distributed to farms. 

• Upon successful production of homozygous lyretails a workshop will be held to provide 
details on the process.  Likewise, dissemination of the feminized homozygous lyretails 
will be made to increase outputs on farm site. 

• A new freshwater ornamental fish farm (Aquatics Hawaii) has been established in 
Waimanalo on the island of Oahu under the ownership of Patrick Vahey.  Project work 
group will be working with his farm to transfer developed technologies. 
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Appendix 
 

 
Poster presentation by Masaki Nasu, 2006 indicating possible marker for the homozygous 
lyretail genotype. 
 
 
 



 14 

FEMINIZATION OF Xiphophorus helleri BY DIETARY ADMINISTRATION OF 17ß-
ESTRADIOL 
 
Clyde S. Tamaru*,  Lei S. Yamasaki, Spencer Malecha, Kathleen McGovern-Hopkins  and 
Douglas Vincent,  

 
University of Hawaii Sea Grant College Program 
2525 Correa Road, HIG 205 
Honolulu, Hawaii 96822 
Email: ctamaru@hawaii.edu 
 
Many species in the ornamental trade exhibit 
sexually dimorphic traits, especially the male 
gender (e.g., swordtails, Xiphophorus helleri, 
Figure 1)  resulting in their higher value.  
Production of monosex populations that possess 
the desired traits clearly represent a significant 
economic advantage or opportunity. There are a 
number of techniques for the manipulation of sex 
that have been described for a host of species and 
it should be possible to utilize a particular 
technique in a production protocol that would 
result in a specific desired outcome.    
 
Endocrine mediated techniques for the production 
of monosex populations of fish in culture have 
long been investigated as they provide a range of 
management options.  The hormonal induction 
of feminization in swordtails, Xiphophorus 
helleri was investigated.  Four doses of 17β-
estradiol (100, 200, 300, and 400 mg 
hormone/kg feed) were administered to 3-day 
old fry for 30 days.  Treatment with 400 mg 
kg/feed was determined to be the optimum 
dose resulting in a range of 91-100% 
feminization (Figure 2)  No indication of any 
adverse impacts were detected on growth and 
survival.  No detectable presence of intersex 
individuals were observed with fish examined 
histologically.  Phenotypic females from this 
treatment underwent progeny testing to determine 
if the feminized males were reproductively 
functional.  The results showed that a dose of 400 mg kg/feed 17β-estradiol  produces not only 
fertile fish, but may also improve their reproductive output.    The implications of the preliminary 
results on overall output of swordtails at commercial-scale are to be discussed.  

Figure 2. Common male (upper) 
and female (lower) swordtails. 
Photo By Mike Yamamoto. 

Figure 3. Summary of feminizing 
swordtail fry with E2. 



 15 

THE PARADOX OF ALLEVIATING THE FEMALE DOMINATED SEX RATIO OF 
SWORDTAILS Xiphophorus helleri BY FEMINIZATION USING  DIETARY 
ADMINISTRATION OF 17ß-ESTRADIOL 
 
Clyde S. Tamaru1*,  Lei S. Yamasaki2, Spencer Malecha2, Kathleen McGovern-Hopkins1  and 
Douglas Vincent2.  1University of Hawaii Sea Grant College Program, Honolulu, Hawaii 96822, 
2Human Nutrition and Animal Science, Honolulu, Hawaii 96822 
 
Endocrine mediated techniques for the production of monosex populations of fish in culture have 
long been investigated as they provide a range of management options.  The hormonal induction 
of feminization in swordtails, Xiphophorus helleri was investigated.  Four doses of 17β-estradiol 
(100, 200, 300, and 400 mg hormone/kg feed) were administered to 3-day old fry for 30 days.  
Treatment with 400 mg kg/feed was determined to be the optimum dose resulting in a range of 
91-100% feminization. No indication of any adverse impacts were detected on growth and 
survival.  No detectable presence of intersex individuals were observed with fish examined 
histologically.  Individuals (phenotypic females) from this treatment underwent progeny testing 
to determine if the treated fish were reproductively functional.  The results showed that a dose of 
400 mg kg/feed 17β-estradiol  produces not only fertile individuals but their resulting progeny 
exhibit a sex ratio that differs significantly from the normally skewed female sex ratio (Table 1).      
 
Table 1.  Summary of sex ratios of various strains of swordtails and resulting progeny of 
feminized swordtails 
Variety Males Females Sex Ratio 

(F:M) 
? 2 Probability 

Red 50 116 2.3 13.7 P<0.001 
Pineapple 77 167 2.2 17.1 P<0.001 
Half Black 25 115 4.6 40.4 P<0.001 
Red Wag (RW) 37 103 2.8 16.5 P<0.001 
Feminized  RW 154 126 0.8 2.8 P = 0.09 
 

The results are consistent with the polygenic and threshold trait of sex determination that was 
proposed for swordtails over 50 years ago.   The economic opportunities of the observed results 
are to be discussed. 
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Feminization of Xiphophorus helleri by dietary administration of 

17ß-estradiol 

 
Lei S. Yamasaki1, Spencer Malecha2, Douglas Vincent2, Clyde S. Tamaru3 

 

1. Anuenue Fisheries Research Center 
1039 Sand Island Parkway 
Honolulu, HI 96819-4347 

2. Department of Human Nutrition and Animal Sciences 
College of Tropical Agriculture and Human Resources 
University of Hawaii at Manoa 
 
3. Sea Grant College Program 
2525 Correa Road, HIG 205 
Honolulu, Hawaii 96822 
 
Abstract 
 The hormonal induction of feminization in swordtails, Xiphophorus helleri was 
investigated.  Four doses of 17β-estradiol (100, 200, 300, and 400 mg hormone/kg feed) were 
administered to 3-day old fry for 30 days.  Treatment with 400 mg kg/feed was determined to be 
the optimum or dose resulting in a range of 91-100% feminization.  No indication of any adverse 
impacts were detected on growth and survival.  No detectable presence of intersex individuals 
were observed with fish examined histologically.  Phenotypic females from this treatment 
underwent progeny testing to determine if the feminized males were reproductively functional.  
The results showed that a dose of 400 mg kg/feed 17β-estradiol  produces not only fertile fish, 
but may also improve their reproductive output .   
 
Introduction 
 The swordtails, Xiphophorus helleri, belong to the family Poecilidae which contains 
some of the most popular ornamental fishes in the aquarium trade commonly known as the “big 
four” (Axelrod and Wischnath, 1991).  The species is sexually dimorphic where the lower rays 
of the caudal fin become elongated in mature males giving rise to the common name “swordtail”.  
Males also possess a modified anal fin, called a gonopodium, used to impregnate females during 
mating.   Swordtail imports into the United States  make up approximately  1.0% of the total 
ornamental fish imports into the U.S. (Chapman and Fitz-Coy 1997).  In Hawaii the swordtail is 
a major contributor to the overall value (ranked second) and volume (ranked first) of Hawaii’s 
freshwater ornamental industry (Kam et al., 2005).   Endeavors that improve output and/or 
product value would be important to swordtail producers and forms the basis for this report.   
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Endocrine mediated techniques for the production of monosex populations of fish in 
culture have long been investigated as they provide a range of management options, e.g., 
enhanced growth, sterilization,  (Hunter and Donaldson 1983; Yamazaki, 1976; 1983). Many 
species in the ornamental trade exhibit sexually dimorphic traits , particulary the male gender, 
resulting in their higher value.  Production of monosex populations that possess the desired traits 
clearly represent a significant economic advantage (Piferrer and Lim, 1997).  There are a number 
of techniques for the manipulation of sex that have been described for a host of species and it 
should be possible to utilize a particular technique in a production protocol that would result in a 
specific desired outcome.    

Direct feminization in fish has been demonstrated to be achievable by exposing sexually 
undifferentiated individuals to natural or synthetic estrogens  (Piferrer, 2001). The outcome of 
the treatment depends on the hormone used, method of administration, dose, timing and duration 
of exposure (references in Piferrer, 2001).  There is only one previous feminization study 
reported for swordtails where 17β-estradiol  (E2) was delivered by oral administration via the 
diet. (Lim et al. 1992).  Although differing in the timing and dosage of administration, it was 
successful in achieving complete feminization as gauged by secondary sex characteristics.  It has 
been reported that estrogen therapy can also result in elimination of the gonadal ducts, reduction 
of the size of the gonad and reduction in the number of germ cells ultimately resulting in sterility 
(Piferrer and Donaldson 1992; Piferrer 2001).  While there were no detectable impacts on growth 
and survival resulting from E2 therapy on swordtails (Lim et al., 1992), it still remains to be 
determined whether feminized swordtails were reproductively functional or whether 
reproductive performance is impaired.  Confirmation that the feminization procedure does not 
have any side effects during the feminization in common swordtails is an important outcome of 
the present investigation. 
 
Materials and Methods 
 
Tank Setup: 
 The feminization experiment was conducted in 14 38-L aquaria that were each equipped 
with a continuous source of aeration, undergravel filters, municipal tap water and conducted as 
static systems. Water chemistry was monitored with the Nine-Parameter Test Kit, Model FF-1A 
from Hach and portable hand-held meters from Oakton Instruments.  Temperature and pH were 
measured daily and total ammonia nitrogen (TAN), unionized ammonia (UIA), nitrite and 
dissolved oxygen (DO) were measured weekly.  A 30% water exchange was performed once a 
week to maintain acceptable water quality parameters.  Each tank was stocked with 30 three day- 
old fry with an approximate body weight of 11 mg wet weight per individual.  
 
Preparation of Test Diets: 

The natural oestrogen, E2  was obtained from Sigma-Aldrich, St. Louis, Missouri,  and 
was administered orally to the fry in four treatment groups (e.g,, Control,  T1, T2, T3 and T4)  
representing dosages of 0, 100, 200, 300 and 400 mg hormone/kg feed, respectively.  The 
experiment was conducted in a randomized block design with each treatment block being 
triplicated.  The fry in the control group were fed the same diet without any hormone.  This 
group consisted of only two replicate tanks, C1 and C2.   
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The treatment diets were prepared by first weighing out  40 g of Nelson’s Silver Cup, 
Murray Utah,  salmon starter feed for each of the five groups.  The use of the product does not 
constitute an endorsement.  The diet consists of 52% minimum crude protein, 14% crude fat,  3% 
crude fiber,  and supplmented with vitamins A, D and E.  The appropriate amounts of E2 were 
weighed out for each dosage and dissolved in 20 ml of punctilious ethyl alcohol.  The mixture 
was then sprayed onto the feed and allowed to dry at room temperature in a fume hood 
overnight.  Only alcohol was sprayed onto the control diet.  After drying, the feed was stored in 
the refrigerator at 5 °C until used.   
 
Feeding Trial: 
 The fry were fed twice a day with the prepared diets for a period of 30 days.  The initial 
amount of feed per day was calculated by taking 3% of the total fish body weight of each system.  
The amount of feed was adjusted accordingly as the fish grew.  After the 30 day period, the fish 
were fed a hormone-free diet and reared for an additional five months to insure that the fish 
attained sexual maturity at which time their sex could be accurately determined.  It has been 
demonstrated that swordtails attain sexual maturity at approximately four months after birth 
(Tamaru et al., 2001).    
 
Assessment of Feminization: 

At the end of the growout period, the fish from each aquarium were counted and  
anesthetized using 60 ppm of MS222 (Argent Chemical, Redmond Washington) and individual 
body weight and total length were obtained.  The sex of each individual was also determined by 
the use of secondary sex characteristics (e.g., presence or absence of gonopodium and sword).  
One replicate tank from each group was randomly selected and euthanized with an overdose of 
MS222  and fixed in Davidson’s fixative for 48 hours.  Individuals were then rinsed in 
freshwater  and then placed into 50% ethyl alcohol.  The gonads of these fish were first excised 
and then processed in a Shandon bench top processor (Model No. city and state?)and embedded 
in paraffin with a Tissue Tech embedding center (Model no. city and state).  Using an American 
Optical microtome, 4µm sections of each gonad were made and affixed to a glass slide, 
deparaffinized and stained with Hematoxylin and Eosin as described by Yasutake and 
Wales(1983).     
 
Reproductive Performance: 
 Reproductive performance was assessed using 27.9 cm diameter plastic containers (n=40)  
each equipped with two 8.3 cm diameter screen windows.  All of the containers were fitted with 
a Styrofoam collar and floated in a 11 m3 concrete raceway filled with municipal tap water.  The 
raceway was provided with a continuous source of aeration and water exchange at approximately 
10% per week.  Water temperature and pH were recorded daily while other water quality 
parameters (e.g., TAN, UIA, nitrite and DO) were measured on a weekly basis.     

Individual  cages (17.8 cm diameter x 12.7 cm) constructed of plastic mesh screening 
(0.6 cm mesh size) held together with plastic ties and floated with styrofoam were placed into 
each of the larger plastic containers.  The cages prevented cannibalism of fry by containing the 
adults and allowing the fry to escape into the larger plastic container.  Feeder rings made of 
airline tubing and connectors were floated in the cages to prevent feed wastage.  The surviving 
20 female five month old swordtails from one replicate of the highest dosage tested (400 mg/kg 
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feed) were placed into separate breeder cages.  The average body length of this group was 49.7 ± 
5.3 mm.  A single male swordtail was placed with each female.  Twenty untreated female fish of 
a similar age group obtained from the breeding facility at the Windward Community College 
Aquaculture Complex were also placed into the remaining breeder cages.  These fish made up 
the control group and had already been mated with male swordtails.  The mean total body length 
was 53.9 ± 4.7 mm which was not significantly (p<0.05, Two Sample T-test) different from that 
of the treatment group.  The animals were fed twice a day with TetraMin Tropical floating flakes 
consisting of 48% crude protein, 8% crude fat, 2% crude fiber.  Each of the plastic containers 
were checked for the presence of fry twice a day.   The brooders remained in their cages until fry 
were produced which was achieved in approximately two months.   Forty-eight hours after the 
fry were detected  the brooders were removed from the breeding cage and the fry were collected 
in a glass beaker and their number recorded. Production of only one clutch of fry was used to 
determine reproductive competency. 
  
Statistical Analysis:  
 The resulting body length and weight of each treatment group in the feminizing 
experiment was analyzed using one way Analysis of Variance (ANOVA) and Tukey’s 
Comparison using the statistical package MINITAB Version 14.  Analysis of the feminization 
(change in percentage of females) in response to the various dosages and percent survival was 
conducted using Chi square analysis (Snedecor and Cochran, 1967).   The data collected in the 
progeny testing experiment was analyzed by a Two-Sample T-Test using the same version of 
MINITAB. 
 
Results 
 
Water Quality: 

No significant (P>0.05) differences could be detected between treatments for TAN, UIA, 
and Nitrite over the course of the experiment.  The average TAN, UIA and nitrite ranged 
between  0.315-0.333 mg/L, 0.018-0.020 mg/L and 0.100-0.170 mg/L.  Likewise,  no significant 
(P>0.05) differences could be detected between treatments for DO, pH and water temperature 
over the course of the experiment.  Average DO, pH and temperatures ranged between 7.76-7.86 
mg/L, 7.79-7.99 and 25.4-26.1 OC, respectively.     

 
Scoring of Sex: 

Under histological examination, female fish were easily distinguished from males by the 
presence of eosinophilic oocytes while the males could be distinguished by the characteristic 
presence of  the seminiferous tubules containing basophilic spermatocytes.  The individuals 
examined histologically were either female or male with no indication of individual(s) being 
scored as possessing both kinds of gametes or “intersexes” (Piferrer, 2001).    The histological 
assessment of sex was consistent with those scored using secondary sex characteristics (e.g., 
gonopodium, sword) and the non-lethal  techniques are apparently equally useful to determine 
the phenotypic sex of feminized swordtails.  
 The mean percentage of females resulting from the various treatments are summarized in 
Figure 1.   The data clearly indicate a significant (P<0.05) and dose dependent response in the 
percentage of females resulting from an increasing dosage of E2 in the diet.  The mean 
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percentage of females in the control group was 74.5 ± 6.4% that would significantly (P<0.001) 
increase to 97 ± 5.2% at the highest dosage of E2 (e.g., 400 mg/kg feed) used in the current 
investigation. 
 A summary of the resulting percent survival observed for the various treatments is  
presented  in Figure 2.  The 200 mg/kg feed treatment resulted in significantly (P<0.05) lower 
average survival in comparison to all of the other treatments. The observed variation in survival 
apparently impacted growth as that same treatment group exhibited significantly (P<0.05) larger 
individuals in terms of body weight (Figure 3) and total length.  Interestingly, the gonadal 
somatic indices of the groups that were sacrificed for histological examination also showed some 
variability.  However in this case values obtained from the 300 mg/kg feed group was observed 
to be significantly (P<0.05) higher than all other groups (Figure 4).  All other groups were not 
significantly different from each other. 
.   
Reproductive Performance 
 Only one female out of 20 female individuals that were not exposed to E2 treatment did 
not produce any fry during progeny testing.  The observed average number of fry per female of 
that group was 17.0 ± 8.0 and a total of 321 fry were produced.  In contrast, all (n=20) of the 
females who had received the 400 mg/kg feed dosage of E2 were observed to produce fry.  
While there is no statistical difference (P>0.05, Chi square test) that could be detected in the 
percentage of females that produced fry from both groups the average number of fry per female 
(e.g., 30.0 ± 20) was observed to be significantly (P<0.01) higher than the control group (Figure 
5).  A total of 601 fry were produced by the females that had undergone E2 therapy.   
  
Discussion 
 It has been demonstrated that direct feminization of fishes can be achieved by exposing 
sexually undifferentiated fish to exogenous hormones, particularly natural oestrogen or their 
synthetic derivatives  (Piferrer, 2001).  However, treatment success should be evaluated in terms 
of resulting survival, gonadal morphology, growth performance, reproductive performance and 
deformities. In the current report the natural oestrogen, E2 was used to feminize young (e.g., less 
than one month old) swordtails and the treatment of  400 mg/kg feed provided  for 30 days 
produced the highest degree of feminization of the other dosages tested.  The results obtained  
are consistent with a previous report that also utilized E2 administered orally but differed in 
timing and duration of administration  as well as dosage (Lim et al.., 1992).  In the previous 
investigation E2 was administered via the feed  but to older individuals (e.g., began with 28 day-
old fry) and treated on alternate days for a duration of only 10 days.  Dosages of  300 and 500 
µg/g fish weight resulted in similar frequency of feminization (e.g., > 95% feminization).  Only 
with the highest dose tested (e.g., 750 µg/g fish weight) did 100 % feminization occur.  In the 
current study the strategy was to use a much lower dosage but for a longer duration.  The 400 
mg/kg feed dosage for E2 that resulted in almost complete feminization equates to approximately 
20 µg/g fish weight and over the course of 30 days.  The results from the previous and current 
investigations clearly indicate that the period when the female sex can be influenced most in 
swordtails is during the first month after birth and while using an oral administration of E2 with 
either a high dose short duration or low dose long duration exposure strategy. 
 Treatment with high doses of E2 has been reported to have adverse affects such as growth 
depression and increased mortality in fish (Sower et al., 1985).  Growth depression has been 
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reported for a variety of species which include rainbow trout, Oncorhynchus mykiss (Johnstone 
et al., 1978) and European sea bass, Dicentrarchus labrax (Blázquez et al., 1998). Survival has 
reportedly decreased in convict cichlids, Cichlasoma nigrofasciatum administered an oral E2 
dose of 200 mg kg feed for 20 days (George and Pandian, 1996).   For the swordtails exposed to 
the various dosages, there was statistically significant lower survival observed for just one of the 
treatments (e.g., 200 mg /kg feed) while there were no detectable differences  between that of the 
control group and with all other treatment groups.  Two of the treatments were of a higher 
dosage which would indicate that although survival for the 200 mg/kg feed treatment was 
statistically different there is probably no biological significance. It is, however, important to 
note that the same pattern of variation in survival manifests itself on variables used to assess 
growth (e.g., body weight, total length).  The differences observed in body weight and length are 
probably related more to the observed values in survival than to impacts as a result of E2 therapy 
because for that particular treatment the individuals were significantly larger than all of the other 
groups  Lower survival in that particular treatment also results in a lower density during the 
growout period.  Such differences in density have a profound and inverse influence on overall 
growth of swordtails (Tamaru et al., 2001) and other species in culture and apparently the major 
reason for the higher values reported for body weight and length that were observed.  
 The previous feminization study with swordtails (Lim et al., 1992) was also successful in 
directing the sex towards females as gauged by secondary sex characteristics.  However, there 
was one critical aspect that was not investigated and that was whether the reproductive 
performance of the feminized swordtails was impacted by the treatment.  Besides depressed 
growth and decreased survival, feminized fish may not be able to function as well as untreated 
genetic females (Pandian and Sheela, 1995).  A feminization study conducted with black mollies 
demonstrated that E2 exposure reduces fecundity (George and Pandian, 1995).  In the current 
study one replicate tank of  fish exposed to 400 mg/kg feed for 30 days resulted in all females at 
the termination of the experiment.  These were not only phenotypically female as indicated by 
morphological criteria but also confirmed to be fertile by progeny testing.     For untreated 
swordtails approximately 75%  are reportedly females which is consistent with previous reports 
(Tamaru et al., 1991; Lim et al., 1992).  That would mean that of the 20 treated individuals there 
should have been approximately five genotypic males present in the group. That all females 
produced fry indicates that the feminized males that should have been present are indeed fertile. 
Likewise, the E2 treatment undoubtedly does not affect reproductive output of normal females as 
well.   

Another interesting result of the progeny testing was the increased output of fry/female of 
the treated swordtails over that of untreated females of similar size and age.  There was one 
observed group (e.g., 300 mg/kg/feed) that was found to have a higher average GSI than any of 
the other treatments.  While statistically the result can not be dismissed it may not have any 
biological meaning as all of the other treatments are not significantly different from each other 
and it is not the highest dosage that was tested.  The overall result of increased fry output that is 
being reported in the current study should be considered preliminary as ideally the source of 
untreated females used in the progeny testing should have been from the control group used in 
the treatment impacts.  Because of an accident and the use of one set of controls for histological 
examination there were not enough females of that group to be used as a suitable control group 
and hence the substitution of a different cohort of females.    The result does not detract from the 
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demonstration that the feminized individuals are indeed fertile but will require additional testing 
to see if the increased reproductive output is indeed an impact of E2 treatment.  
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FIGURE LEGENDS 
 
Figure 1. Summary of the average percentage of females obtained in response to the various 
dosages of E2 that were investigated.  Numbers in parenthesis represent the number of replicates.  
Bars ± S.D.that do not share a letter are significantly (P<0.05) different from each other.  
 
Figure 2.  Summary of average survival obtained from swordtails exposed to various dosages of 
E2.  Numbers in parenthesis represent the number of replicates.  Bars ± S.D.that do not share a 
letter are significantly (P<0.05) different from each other.  
 
Figure 3.  Average body weight of swordtails exposed to various dosages of E2.  Numbers in 
parenthesis represent the number of replicates.  Bars ± S.D.that do not share a letter are 
significantly (P<0.05) different from each other.  
 
Figure 4.  Average GSI values of swordtails exposed to various dosages of E2.  Numbers in 
parenthesis represent the number of individuals examined. Bars ± S.D.that do not share a letter 
are significantly (P<0.05) different from each other.  
 
Figure 5.  Comparison of the average fry/female produced from untreated females and those 
resulting from E2 at a dose of 400 mg/kg/feed.   Numbers in parenthesis represent the number of 
individuals examined. Bars ± S.D.that do not share a letter are significantly (P<0.05) different 
from each other.  
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